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FOREWORD 



We at Northern Arizona University appreciate the role we have had as spon- 
soring institution for the Occupational Research Coordinating Unit which, as an 
arm of our School of Applied Science and Technology, produced this report with 
widespread support from industry and educators throughout Arizona. It is the 
function of the University to lend its facilities and staff to meaningful research 
which may — as this report does in several ways — challenge its very own pro- 
cedures and curricula. We recognize this as a responsibility of growth. We wel- 
come the opportunity for critical and constructive self-examination, recognizing 
that the University must be ever capable of adaptation to new needs and changing 
times. 

We commend this report to your most careful study. We hope its implications 
are widespread for industry and to all educators involved in the growing disciplines 
of engineering and technology. The data compiled, the opinions and comments 
offered by employers and students, the recommendations of the experts who served 
as panelists in preparation of the study and its analysis; all these aspects call for 
thoughtful and unhurried investigation. There are in this report a multitude of ideas 
for your review as an educator or as an industrialist. 

During the last ten years, special emphasis has been placed on the training of 
space-age scientists. This was done with haste and with a limited commitment of 
resources. Many have questioned the overemphasis on technology at the expense 
of adequate understanding and development in the humanities. In the report, 
engineers, technicians and skilled craftsmen have indicated a need for training in 
communications, social science, business and humanities to give their scientific 
knowledge a more practical application in human and personnel relations and in 
salesmanship. Leadership in industry confirms this attitude and need. 

At the same time it is pointed out that it is equally true that education must 
be related to the working world in which we live. This is especially true of engi- 
neering and industrial education. In our concern for knowledge we sometimes 
overlook the practical uses to which it must be applied in the professions, in busi- 
ness and industry, and in other areas of employment. This study focuses its main 
attention on the needs of industry for what the schools can provide. We in the 
universities want to know how we can best serve those needs. We are deeply 
conscious of the public responsibility we have to the economic strength of our 
state and nation. We are equally conscious of the obligation we have to our 
students to give them the best preparation it is possible to provide for successful 
careers in their respective fields. 

This report hopes to provide some suggestions as to ways to help to bring 
about closer coordination. It attempts to build another bridge from the campus 
to the world of work, one which is particularly needed at this time. 





J. Lawrence Walkup, President 
Northern Arizona University 
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CHAPTER I 



INTRODUCTION 



Modern industry is built around engineering and technology. It depends 
on engineers, technicians, and skilled craftsmen for most of its key manpower — 
from research to sales, from product development and production through super - 
vision and management. The personnel who staff these positions are the products 
of an educational system that increasingly has come to play a major role in the 
nation's economic life. Colleges and universities, along with other educational 
institutions, are as important today in industrial development as an energy sup- 
ply and transportation were in the past. 

This report deals with that educational system and with the manpower it 
produces for industrial employment. The primary purpose of the study is to 
assist educators in meeting the needs of industry as well as those of their 
students. Neither group can be properly served unless the other is also recog- 
nised. Engineering and technology in recent years have changed so rapidly, with 
many of the changes so basic and far-reaching that a complete reassessment is 
becoming necessary. 

A central question is: What kinds of educational programs are needed to 

prepare students for engineering, technical, and skilled industrial employment 
in the years ahead? In this aspect the main focus is on the needs of industry. 
What programs do we have now which should be modified or updated? Must new 
programs be added? Which are significant areas in present curricula that may 
need strengthening or critical re-examination? Should new curricula and per- 
haps new programs be designed to educate students for new combinations of en- 
gineering and technical specialization? Can employment requirements in indus- 
try be better served by schools through modifications in engineering and techni- 
cal education? Gan the experience and professional judgment of men on the job 
help educators in efforts to produce better trained and better educated persons? 
What are the employment practices, job requirements, and career opportunities 
that should be made known to young people planning educational programs and 
careers? These questions have important relevancies to both education and in- 
dustry. In this report, industry has been aske’d to supply the answers. 

An outline of the existing educational system is presented first. This 
encompasses problems which have arisen and the extensive soul-searching that 
has been engendered in consideration of needed changes. This is the "State of 
the Art" described in Chapter II. Arizona's educational resources are identi- 
fied against this background in Chapter III, which includes the telling results 
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of an in-depth survey of engineering and technology students enrolled in 
Arizona's three state universities and six junior colleges. 

Three chapters contain results of a survey of industry. All employers 
and employees in the state who could be identified with engineering, technical, 
and skilled occupations were interviewed or asked to complete questionnaires. 

Chapter IV contains computer printout tables of data from this survey and a 
general summary of the results. A series of occupational profiles and the 
statistical data on which they are based are given in Chapter V. Chapter VI 
is a report of the suggestions and recommendations for education made in the 
survey by employers and employees based on their own experiences. 

Chapter VII was prepared by the Arizona State Employment Service to pro- 
vide the economic context within which engineering and technology operate today 
and may be expected to develop in years ahead. A considerable amount of rele- 
vant information has been assembled and analyzed dealing with population and 
employment trends, geographic distribution within the state, and critical fac- 
tors affecting the future development of industry in Arizona and the manpower 
resources upon which it depends. 

Finally, some of the possible changes and trends taking place nationally 
are explored in Chapter VIII through reports of current research and related 
literature. 

Conclusions and recommendations presented in the last chapter are sug- 
gestive only. No single analysis would be adequate. The information alone 
which has been gathered and presented is by far the most important product of 
the research. This compilation may serve educators, industrial management, 
students and the public for several years, and from time to time may be brought 
up to date with less effort than was required initially. Moreover, its use 
need not be confined to this state. Arizona's industrial structure is fairly 
representative of present trends, therefore information assembled here may apply 
in varying degrees elsewhere. 

The major research for this report was the industrial survey. In carrying 
it out, a list of all employers in Arizona using engineering or technical person- 
nel was first compiled with the assistance of the State Employment Service. 
Thirty-three standard industrial classifications (SIC) were used as the basis 
of the list. These included mining, contract construction, transportation, com- 
munications, utilities, services, and government agencies. To this list were 
added self-employed engineers from the rosters of the Arizona Society of Pro- 
fessional Engineers and the Technical Board of Registration for Consulting Engineers. 
Altogether, 4,099 employers were identified. This number was reduced in several 
stages by eliminating those who did not employ engineers or related personnel. 

Further refinements were made in consultation with the Employment Service and 
through mail and personal contacts. The ultimate select list included 610 employers 
with an estimated total employment (engineering and non-engineering) of 140,000. 

Survey questionnaires were designed with the assistance of two review 
panels meeting together. One consisted of key educators representing each of 
the state's three universities, six junior colleges, several major high school 
districts, the State Department of Vocational Education, and the State Board 
for Junior Colleges. The second panel was made up of representatives of in- 
dustry, professional, technical, and labor groups. (The panel members are listed 
at the beginning of this report). 
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Two questionnaires were designed for the survey, one for employer inter- 
views and the other for employees to answer privately. Parallel questions 
were included where similar data were to be gathered. Some of the data repre- 
sented statements of fact regarding salary levels, employment practices, and 
educational qualifications. Other data were the personal opinions of management 
and employees. They dealt with career choice, conditions of employment, jo 
satisfaction, educational requirements, and changing technical skills and know- 
ledge. The employer interview contained 32 questions seeking 139 separate items 
of information and additional voluntary comments or suggestions. The employee 
questionnaire had 27 questions directed toward 100 separate items of information 
and also solicited confidential comments and suggestions. 



Thirty-six basic occupational categories were used in the survey. These 
were derived from a list of 357 titles in 15 categories listed in the Worker 
Traits Section of the Dictionary of Occupational Titles (DOT). They were 
selected in conferences with the State Employment Service and the personnel 
departments of several representative firms in the Phoenix area. The purpose 
was to arrive at a limited number of occupations which would be inclusive 
rather than specific and together would cover the entire range of industrial 
employment from skilled craftsmen to professional engineers. 

It must be emphasized that when the survey was carried out the classifi- 
cation of each employee was made solely by his employer. Employers were asked 
to include all engineers, technicians, and skilled craftsmen and to identify 
each of them in one of the thirty-six categories. In doing so, they were 
asked to consider primarily the nature of the work performed and the education 
normally required, regardless of the formal education an employee might have. 



A staff of twenty persons conducted the survey. This staff included 
technical and vocational faculty members from two junior colleges and two 
high schools and graduate and undergraduate students from two universities. 
Each of the 610 employers on the final survey list was contacted in person by 
a member of the research staff and asked to participate. Ninety-five per cent 
did so, including all major employers in the state. They were interviewed 
separately for each occupation in which they had persons employed, and alto- 
gether 1,570 interviews were completed. At the time of the interview, arrange 
ments were made for the employer to distribute questionnaires to all employees 
in each occupation. A total of 13,509 questionnaires were distributed. Of 
these, 3,926 were completed and returned, representing an employee response 

of 297o. 



Several control measures were used in conducting the survey. Employee 
questionnaires were serialized and assigned to field interviews in numerical 
blocks. The interviewers gave them to the employers in the required quantity 
for each occupation and recorded the serial numbers on the employer inter- 
view forms. Serial numbers assigned to all occupations in a company were 
recorded on an employer identification card and then transferred to a master 
list in numerical order. Two sets of employer cards were maintained. One 
was kept on file in the research office and one was assigned on a daily or 
weekly basis to the field interviewers . These cards were recorded when assigned, 
and they were checked in when returned. They contain the name of the field 



Vs., Department of Labor, Dictionary of Occupational Titles (3rd ed.; 
Washington: U.s/ Government Printing Office, 1965), II, 214-529. 
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interviewer, the dates of the interviews, the name of the company representative 
who had arranged the interviews, and the serial numbers of the employee question 
naires distributed. In the case of employers who said they had no engineers or 
technical personnel, their cards were marked "none” and filed separately. Em- 
ployer forms and personnel questionnaires were checked for coding and the respon 
ses key punched for data processing. At the end of the survey a hand count was 
made of all employer cards, completed questionnaires, and sets of key punched 
cards, and the totals checked with corresponding figures in the computer print- 
out. 



Employer responses were tabulated by the number of persons employed total- 
ing 13,509 engineering, technical, and skilled personnel. Employee responses 
represent 3,926 of these. These are the employment figures upon which the data 
in this report are based. They are not necessarily complete for any particular 
occupation or for the state as a whole for several reasons: they represent the 
employers* own listing of personnel by occupations rather than an objective 
classification based on education or any other criteria; some employers may not 
have included all of their personnel due to oversight or other reasons? and 
some employers with engineers or technicians may have been omitted from the 
survey in spite of every effort to develop a complete list. 

All of the data collected in the survey were key punched and processed 
in the data processing center at northern Arizona University. They were 
printed out in a set of basic data tables listing numbers and percentages of 
responses to each question, and in a series of summary tables giving percentages 
of employer and employee responses side by side for purposes of comparison. 

There are 43 pages of data arranged in 20 summary tables containing the major 
results and findings of the industrial survey. 

In the student survey, registration lists for the fall semester of 1967 
were used and questionnaires were sent to nearly all undergraduate and graduate 
students in engineering and technology at the three universities and six junior 
colleges . ^ 

Altogether, 6,130 questionnaires were sent out, and 2,092 (347.) were 
returned. Information was gathered about each student's current educational 
status, college program, high school preparation, work experience, career 
choice, career goals, and opinion as to the reasons for other students drop- 
ping out. The printout tables in Chapter III contain the percentages of re- 
sponses to each question tabulated for the entire group and for each of 
twenty-nine subdivisions representing individual institutions, year in school, 
type of program, and students with certain kinds of background experience. 

Industrial expansion and technological advances for many years have 
created heavy demands on engineering and technical education. This report 
is intended to help educators and industry understand the nature of those 
demands and find ways of working together to meet them. It should serve as a 
guide to educators in program planning and development. It should provide 
administrators, governing boards, and the legislature with information upon 
which decisions may be made and policies established. It should be useful to 



^Engineering students in two junior colleges and graduate students at 
the University of Arizona could not be included because registration lists were 
unavailable at the time. 
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employers both as a guide in developing their own educational services and 
as an assessment of the educational resources available in this state. The 
interest of many readers of this report may be simply in the detail with 
which a significant feature of modern society is documented — the interde- 
pendence of industry and education. 
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CHAPTER II 
STATE 0? THE ART 



Overview 



"Engineering ancl Technology in Arizona” must be considered both as a study 
of a vital interest in an advancing western state, and as a reflection -- if 
not a microscopic view — — of problems facing industry and education the nation 
over. In 1963 the American Society for Engineering Education (ASEE) began a study 
of the goals of engineering education. It was no ordinary project. The 
President of Pennsylvania State University, Eric A. Walker, was chairman 
of the Goals Committee. Joseph M. Pettit, Dean of Engineering at Purdue 
University, headed the undergraduate section. The National Science Foundation 
provided financing with two grants totalling $307,190. Professional staffs 
were assembled at Purdue and Stanford, and their work was reviewed by graduate 
and undergraduate boards of analysts representing a blue ribbon list of the 
nation's leading industrial corporations and outstanding universities. A 
preliminary report was published in October, 1965, and an interim report in 
April, 1967. The final report appears in the January, 1968, issue of the Journal 
of Engineering Education . 

Similar intensive study is going on at all levels of technical and 
industrial education. Science and technology are forcing such fundamental 
changes in industry, and industry is expanding so rapidly, that the education 
of all personnel is undergoing substantial reorganization. The educational 
needs of engineers, technicians, and skilled craftsmen are closely related, 
one to the other. Decisions affecting one inevitably will have direct reper- 
cussions on others, 

"Engineering" is defined by the Engineer's Council for Professional 
Development (ECPD) as "the profession in which a knowledge of the mathematical . 
and natural sciences gained by study, experience, and practice is applied with 
judgment to develop ways to utilize, economically, the materials and forces of 
nature for the benefit of mankind. "1 Engineering education is primarily a four- 
year program in our colleges and universities which has evolved during a century 
of American development paralleling the Industrial Revolution. In 1967 there 
were 185 institutions in the United States offering accredited baccalaureate 
engineering degree programs. 

"Technology" is a comparatively new occupational area related to engineering. 
According to ECPD, it combines scientific and engineering knowledge with technical 
skills in support of engineering; "it lies in the occupational spectrum between 



Engineer's Council for Professional Development, 35th Annual 
Report for the Year Ending September 30_,___1967 (New York: ECPD, 1967) , 
definition on back cover. 
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